We extend the Chaplygin gas model for dark matter and dark energy unification (quartessence) by promoting the Chaplygin gas parameter A to the potential for an extra scalar with canonical kinetic energy. The hybrid model allows for accelerated Hubble expansion to be a transient effect around redshift zero.
Introduction
The discovery of accelerated Hubble expansion [1, 2] has presented physics with a profound challenge : to account for a critical universe in which 74% is in the form of 'dark energy' with an equation of state w DE ≡ p DE /ρ DE ≃ −1. Aside from the obvious cosmological constant Λ, a variety of models based on 'quintessence' [3] and 'k-essence' [4] have been put forward; for reviews, see [5] . One characteristic of the aforementioned models is the assumption that dark energy is separate and distinct from dark matter which comprises 22% of the universe with w DM = 0, the remaining 4% being ordinary baryonic matter.
A rather different idea, which has been dubbed quartessence [6] , is that both dark energy and dark matter are aspects of a unified theory. The first definite quartessence model [7, 8, 9] was based upon the Chaplygin gas, an exotic fluid obeying p = −A/ρ, which is equivalent [8] to the Dirac-Born-Infeld theory for a D-brane:
where √ A ∼ Λ/G is the brane tension. This Lagrangian yields a perfect fluid stress-energy tensor with the four-velocity u µ = θ ,µ / g αβ θ ,α θ ,β , the pressure p = L DBI , and the density
Solving the θ field equation in a Friedmann-Robertson-Walker (FRW) universe gives [7] ρ = A + B/a 6 , where B is an integration constant and a the scale factor normalized to unity today. Thus one sees that the model interpolates between dust at small a and a cosmological constant at large a.
In [8] it was suggested that 92% of the Chaplygin gas condensed on caustics of the primordial velocity field to provide dark matter haloes, the residual 8% providing dark energy. Although the adiabatic speed of sound c 2 s = dp/dρ = A/ρ 2 is small, the comoving
0 a 7/2 already reaches Mpc scales at a redshift z = 20, so frustrating condensation [10] . In the absence of dominant condensation, the Chaplygin gas model is in gross conflict with the cosmic microwave background [11] and the mass power spectrum [12] . We note that the generalized Chaplygin gas model [13] , p = −A/ρ α , with α < 1 for causality, is even less satisfactory because
0 a 2+3α/2 is larger. It has been noted by Reis et al [14] that the root of the structure formation problem is the term ∆δp in perturbation equations, equal to c 2 s ∆(δρ/ρ) for adiabatic perturbations, and if there are entropy perturbations such that δp = 0, no difficulty arises. This scenario is difficult to justify in the simple Chaplygin gas model. Here, we would like to explore a nonadiabatic scenario in which the constant A is promoted to a field. In this case, δp = −p(δρ/ρ − δA/Ā) and the entropy perturbations needed to make δp vanish are attributed to the perturbations of A. A nonadiabatic scenario with spatial fluctuations of A has recently been discussed 1 [15] in the context of the integrated Sachs Wolfe effect.
Irrespective of its other problems, the Chaplygin gas quartessence shares the feature of eternal acceleration with most other models of dark energy. This is troublesome from the standpoint of string theory since the de Sitter horizon does not allow one to define the Smatrix. In this paper we show that a simple extension of the Chaplygin quartessence model overcomes this difficulty.
Hybrid quartessence
The Lagrangian density for hybrid quartessence is
where ω is a coupling constant and the constant K = 8πG is introduced to make φ dimensionless. That is to say, we have replaced the constant brane tension, or the Chaplygin gas constant, by the potential for a quintessence-type field φ, here taken to be exponential. However, it is important to stress that, unlike in quintessence models, the field φ affects both dark energy and dark matter. Hence, dark matter and dark energy remain unified as in the simple Chaplygin gas model. Solving the θ field equation in a flat FRW model yields the universe evolution equations in the standard form
1 In fact, gauge-invariant perturbations of the single-component model suggested in [15] are adiabatic in that δp GI = (Ā/ρ 2 )δρ. Moreover, if effectively A ∝ θ −2n with 0 ≤ n < 2 to produce acceleration [16] 
showing that such tachyon models share the clustering behavior of the generalized Chaplygin gas.
for the Chaplygin-like component andρ
for the φ field component. In addition, the φ field satisfies the equation of motion
Results and discussion
To preserve the dustlike behavior of the Chaplygin gas at small a, we requireφ to be small in the small a regime. In this regime the φ field equation (8) becomes
Solving (9) withρ θ ≃ √ B/a 3 and the initial conditions 2 φ =φ = 0 yields
Thus, indeed the scalar φ will be unimportant until a ∼ 1 and |p θ /ρ θ | ∼ 1. As in the simple Chaplygin gas, once accelerated expansion starts near a = 1, the quantitẏ θ is quickly redshifted to zero. For large a, −p θ ≃ρ θ ≃ √ Ae −φ , so hybrid quartessence becomes simple quintessence with an exponential potential. In this large a regime there are simple power law solutions
with φ 1 , t 1 , and a 1 being constants, showing that if ω < 1/2, deceleration is obtained, and if ω = 1/3, the behavior is that of dust. Hence, hybrid quartessence with ω < 1/2 supports only a transient period of accelerated expansion around a = 1. We have confirmed this by numerical calculation: in Fig. 1 we (12) well for small and large a, respectively. In Fig. 2 we show the deceleration parameter q = −aä/ȧ 2 which briefly goes negative around a = 1. A similar transient acceleration has been obtained in the two-field supersymmetric hybrid model [17] , in double quintessence [18] , and in a tachyon scenario [19] .
For the sake of comparison with the concordance model, we also calculate the magnituderedshift relation using the definition [1] 
where the luminosity distance for the flat space is defined as
and M is a constant of the order of 25. In Fig. 3 we plot the resuts of the calculation in hybrid quartessence and in the ΛCDM model, and compare them with the supernovae type I observation data [1, 20, 21, 22] . Despite the above encouraging features, this extended model does not solve the structure formation problem. Indeed, the model of Eq. (2) is constructed so that and the entropy perturbations of [14] are realized by δφ = δρ θ /(2ρ θ ) as an initial condition outside the causal horizon d c = dt/a ≃ H −1 0 a 1/2 . Since φ is small and the potential very flat, the problem is that δφ behaves essentially as a free field
Then, once the perturbations enter the horizon d c (but are still outside the acoustic horizon d s for adiabatic perturbations), δφ undergoes rapid damped oscillations, so that the entropy perturbation is destroyed. This means that entropy perturbations are not automatically preserved except on long, i.e., superhorizon, wavelengths where the simple Chaplygin gas has no problem anyway. What is wanted for structure formation is a field which avoids the last term in Eq. (16) 3 . A natural candidate that comes to mind [23] is the Kalb-Ramond field which is intrinsic to string theory and is coupled to the Dirac-Born-Infeld action [24] . Related models have recently been considered in the context of D-brane world cosmology [25] and phantom energy stars [26] .
In conclusion, we have examined a hybrid quartessence model, promoting the Chaplygin gas constant to the potential for an extra scalar φ. The hybrid model preserves the main successes, and failures, of Chaplygin quartessence but has the added feature of future deceleration.
